I ntroduction: Recently, radiofrequency ablation (RFA) has been increasingly used for the treatment of thyroid nodules. However, immediate morphological changes associated with bipolar devices are poorly shown. Aims: To present the results of analysis of gross and microscopic alterations in human thyroid tissue induced by RFA delivered through the application of the original patented device. Materials and methods: In total, there were 37 surgically removed thyroid glands in females aged 32-67 at presentation: 16 nodules were follicular adenoma (labelled as 'parenchymal' solid benign nodules) and adenomatous colloid goitre was represented by 21 cases. The thyroid gland was routinely processed and the nodules were sliced into two parts -one was a subject for histological routine processing according to the principles that universally apply in surgical pathology, the other one was used for the RFA procedure. Results: No significant difference in size reduction between parenchymal and colloid nodules was revealed (p>0.1, t-test) straight after the treatment. In addition, RFA equally effectively induced necrosis in follicular adenoma and adenomatous colloid goitre (p>0.1, analysis of variance test). As expected, tumour size correlated with size reduction (the smaller the size of the nodule, the greater percentage of the nodule volume that was ablated): r=-0.48 (p<0.0001). Conclusion: The results make it possible to move from ex vivo experiments to clinical practice.
The latest epidemiological studies have demonstrated that the prevalence of thyroid nodules in adults has reached an alarming 50-67%.
1,2 Nonsurgical, minimally invasive modalities, such as ethanol ablation, laser ablation, radiofrequency ablation (RFA), and high-intensity focused ultrasound have also been reported to be effective options in treating thyroid nodules. 3 Since the first reported series in 2006, there have been numerous studies showing efficacy and safety in treating benign 'cold' and 'hot' thyroid nodules. 4, 5 In addition, minimally invasive tumour treatment with radiofrequency induced thermotherapy has been proposed for the management of recurrent nodal metastases in patients with well-differentiated thyroid carcinoma. [6] [7] [8] Contrary to the growing experience in using non-surgical procedures in thyroid nodule treatment, immediate morphological changes produced by ablation are rarely investigated. 9 Therefore, this study aimed to present the results of analysis of acute gross and microscopic alterations in human thyroid tissue induced by RFA.
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Material and methods
The Ethical committee of Minsk City Clinical Oncologic Dispensary approved the study design. All patients included in the research were diagnosed with benign solid thyroid nodules according to the diagnostic protocol (physical, laboratory, ultrasonography evaluation, fine-needle aspiration cytology). In total, there were 37 surgically removed thyroid glands in females aged 19-73 at presentation: 16 nodules were follicular adenoma (labeled as 'parenchymal' solid benign nodules) and adenomatous colloid goitre was represented by 21 cases. The thyroid gland was routinely processed and the nodules were sliced into two parts -one was a subject for histological routine processing according to the principles that universally apply in surgical pathology, the other one was used for the RFA procedure. The maximum time span between the thyroid surgery and experiments was 15 minutes. All RFA applications were performed at room temperature.
During the RFA procedure, thermal energy was delivered through a bipolar applicator 10 with a diameter of 1.3 mm (18-gauge), a shaft length of 102 mm, and an active tip length of 10 mm (see Figure 1 ).
RFA ablation was performed with an exposure time of 20 seconds. Power of 20 watts was applied. Higher power rates were omitted in the preliminary tests because the resultant lesions insignificantly differed from those that were gained after applying power of 20 watts (due to the 
Statistical analysis
We estimated the size of the surgically removed nodule as a surrogate endpoint of √(a×b), where a and b are bi-dimensional diameters, and labelled it 'primary nodule size', which is calculated in millimetres. In the same way we estimated the size of the necrotic foci, which were labelled as 'lesion size'.
Nodule size reduction was expressed in percentage and defined as a ratio of the 'lesion size' to primary nodule size. Correlation was performed by the Spearman test. We compared differences in size of necrosis and nodule size reduction in groups of tumours using a one-way analysis of variance (ANOVA) test.
A p-value <0.05 was considered statistically significant. Analyses were conducted using R version 3.1.3 software (R Project for Statistical Computing, www.r-project.org).
Results
All nodules (n=37) were divided by their size: up to 1 cm in diameter versus more than 1 cm and morphological characteristics (see Table 1 ).
No significant difference in size reduction between parenchymal and colloid nodules was revealed (p=0.2571, t-test). Besides, RFA equally effectively induced necrosis in parenchymal and colloid nodules 
Discussion
Owing to the use of new ultrasound technologies in clinical practice, it appears that thyroid nodular disease is a widespread illness.
Although most newly diagnosed nodules are benign, others are the subject of long-term observation, keeping in mind the risk of malignancy. 11, 12 The published results of a prospective cohort analysis showed that the prevalence of thyroid nodular disease increases with advancing age, whereas the risk of malignancy in a newly identified nodule declines. 13 There is still much debate about the risks of malignancy in thyroid nodules in the Belarusian population exposed to radiation due to the Chernobyl catastrophe.
14 A high prevalence of thyroid nodules combined with growing numbers of additional risk factors for thyroid malignancy and uncertainty of molecular testing are resulting in increasing surgical Morphological Changes Induced by Bipolar Radiofrequency Ablation in Thyroid Nodules activity for benign thyroid nodules. Considering that there can be complications following thyroid surgery, the introduction of minimally invasive approaches for treatment of this widespread nodular disease is vital. 15 In addition, long-existing, slow-growing benign nodules raise a question -whether to choose to 'wait and observe', or take a more active approach. 16 There are sufficient data in the literature on the clinical efficacy of RFA -thermo-lesion is well controlled, and performed effectively. [17] [18] [19] As for the comparison of monopolar or bipolar RFA -no conclusive data are available yet. 
